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© Thin- film device with a compound conductive layer. 

© Disclosed herein is a thin -film transistor com- 
prising a gate electrode (11) formed on an insulating 
substrate (10). a gate insulating film (13) covering 
the gate electrode and the insulating substrate, an 
I - type semiconductor layer (14) formed on the gate 
insulating film, and a source electrode (16) and a 
drain electrode (17a) electrically connected to two 
ends of the i-type semiconductor layer, respec- 
tively. The gate electrode is made of aluminum alloy 
containing high -melting metal such as Ti and Ta 
and oxygen or nitrogen or both. 
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The present invention relates to a thin -film 
device comprising an insulating substrate, an in- 
sulating film, at least two conductiv layers sand- 
wiching the insulating film, said insulating film and 
said conductive layers being formed on the sub- 
strate, one upon another. 

A thin -film device comprises an insulating 
substrate, a lower conductive layer formed on the 
substrate, a thin insulating film covering the lower 
conductive layer, and an upper conductive layers 
formed on the insulating film. 

The thin -film device is used as multi- layer 
wiring substrates, thin -film diodes and thin -film 
transistors. 

In most cases, the upper and lower conductive 
layers (wirings) of the thin -film device are made of 
metal such as chromium (Cr), tantalum (Ta), mo- 
lybdenum (Mo), or the like, and the thin insulating 
film of the device is made of silicon nitride (SiN) or 
the like. When the thin -film device is manufac- 
tur d in the form of a thin -film transistor, it has a 
semiconductor layer of amorphous silicon (a - Si). 

A conventional multi - layer wiring board having 
layers made of high - melting metal such as Cr. Ta, 
Mo or the like has two problems. First, its manu - 
facturing cost is high since Cr. Ta, Mo or the like is 
expensive. Second, since the high melting metal 
layers have high resistance, the voltage drop in the 
metal layers is so great as to deteriorate the op - 
erating characteristics of semiconductor elements 
or the like connected to the metal layers. 

To solve these problems, it has been proposed 
that the conductive layer of a multi -layer wiring 
board be made of aluminum (Al) since aluminum 
is inexpensive and has a low electrical resistivity. If 
the conductive layer is made of aluminum, the 
following problem will arise. 

A multi -layer wiring board is manufactured in 
the following steps. First, a lower conductive layer 
is formed on an insulating substrate (e.g., a glass 
substrate). Then, an insulating film is formed on the 
lower conductive layer. Next, an upper conductive 
layer is | finally formed on the insulating film. The 
insulating film is formed by a plasma CVD ap- 
paratus at a film - forming temperature of hundreds 
of degrees centigrade. If the lower conductive layer 
is made of aluminum, it will have hillocks on its 
surface during the forming of the insulating film. 
The hillocks protrude into the insulating film, for- 
ming defects, e.g., cracks, in the insulating film. 
Due to the defects, the lower conductive layer will 
be short - circuited to the upper conductive layer. 

Assume the thin -film device described above 
is used as a thin - film transistor of reverse stagger 
typ . The thin -film transistor is manufactur d in 
the following way. First, a gate lectrode (i.e., a 
lower electrode) is formed on an insulating sub- 
strate (e.g.. a glass substrat ). Next, a gate in- 



sulating film is formed on the substrate and the 
gate electrode. Then, a semiconductor layer is 
formed on the gate insulating film. Further, a 
source electrode and a drain electrode (i.e., upper 
s electrodes) are formed on the semiconductor layer. 
The gate insulating film and the semiconductor 
layer are formed by a plasma CVD apparatus at a 
film -forming temperature of hundreds of degrees 
centigrade. Hence, if the gate electrode is made of 
io aluminum, it will have hillocks on its surface during 
the forming of the gate insulating film and/or the 
semiconductor layer. The hillocks protrude into the 
gate insulating film, forming defects in the gate 
insulating film. Due to the defects, the gate elec- 
ts trode will be short-circuited to the source and 
drain electrodes. 

In other types of thin -film devices such as a 
stagger type thin -film transistor, a coplanar type 
thin -film transistor, a reverse coplanar type thin- 
20 film transistor and a thin -film diode, the lower 
conductive layer, if made 'of aluminum, will also 
have hillocks on its surface during the forming of 
an insulating film, forming defects in the insulating 
film. 

25 It has been pointed out that an aluminum layer 

will not have hillocks even if heated to hundreds of 
degrees centigrade, provided that it contains a 
small amount of high -melting metal (e.g., Ti or 
Ta). Thus, if the lower conductive layer of a thin - 

30 film device is made of aluminum containing a 
high -melting metal, it will have no hillocks on its 
surface during the forming of an insulating film. 

The inventors hereof made a multi - layer wir - 
ing board having a lower conductive layer of alu - 

35 minum containing a high -melting metal. The lower 
conductive layer and upper conductive layer of this 
board were short - circuited to each other. To de - 
termine why so, the inventors conducted the fol - 
lowing experiment. 

40 First, they formed a conductive layer 2 made 

of Ti - containing aluminum, on a glass substrate 1, 
as is shown in Figs. 6 and 7. Next, they heated the 
glass substrate 1 to about 250 *C and examined 
the surface condition of the conductive layer 2. No 

45 hillocks were formed on the surface of the layer 2, 
but projections 3 were formed, extending from the 
sides and edges of the conductive layer 2. The 
projections 3 were formed, probably because cry - 
stal grew locally in the sides and edges of the layer 

so 2 during the layer 2 was heated gradually. 

A multi - layer wiring board is manufactured by 
the method described above. When an insulating 
film is formed on the lower conductive layer, the 
lower conductive layer is inevitably heated to the 

55 temperature at which the insulating film is formed. 
Hence, projection will be formed, extending from 
the sides and edges of the lower conductiv layer, 
during the forming of th insulating film, even if the 
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lower conductive layer is made of aluminum con - 
taining a high -melting metal. The proj ctions 
protrud into the insulating film, forming detects, 
such as cracks, in the insulating film. Due to these 
defects, the lower conductive layer is short-cir- 
cuited to the upper conductive layer which is sub - 
s quently formed on the insulating film. 

The object of this invention is to provide a 
thin -film device which comprises a lower con- 
ductive layer made of aluminum, an insulating film 
formed on the lower conductive layer, and an up - 
per conductive layer formed on the insulating film, 
and in which the lower conducive layer has neither 
hillocks nor projections, though it is made of alu - 
minum, i.e., an inexpensive, low -melting metal 
has been heated to high temperature during the 
forming of the insulating film, and no defects are 
formed in the insulating film, thus preventing 
short-circuiting between the the lower and upper 
conductive layers. 

To achieve the object, a thin -film device ac- 
cording to this invention comprises an insulating 
substrate, an insulating film, at least two conductive 
lay rs sandwiching the insulating film, said in- 
sulating film and said conductive layers being 
formed on the substrate, one upon another, and is 
characterized in that at least the lower conductive 
layer is made of an aluminum alloy containing 
high -melting metal and about 4 at% (atomic per- 
cent) or more of oxygen and/or nitrogen. 

The oxygen and/or nitrogen, contained in said 
amount in the aluminum alloy, inhibit abnormal 
growth of aluminum crystal, and no projections 
protrude from the edges of the conductive layer. 

It is desirable that oxygen and/or nitrogen be 
contained in the aluminum alloy in an amount small 
nough not to noticeably increase the electrical 
conductivity^of the aluminum alloy. Preferably, the 
high -melting metal contains titanium or tantalum, 
or both. The content of titanium and/or tantalum is 
selected in accordance with the temperature at 
which to heat-treat the thin -film device. It is 
preferably about 4 wt% (weight percent) or more if 
the heat treatment temperature is 250 *C. The 
higher the temperature, the higher the content of 
titanium and/or tantalum. 

The most desirable for the material of the 
conductive layer is an aluminum alloy which con - 
tains titanium used as high -melting metal and 
about 4 at% or more of oxygen, preferably not 
exceeding 10 at%. 

The present invention can be used applied to a 
thin -film transistor. In this case, of the gate elec- 
trode, the source electrode and the drain electrode, 
at least the electrode (i.e., conductive layer) which 
is located near the insulating substrate is mad of 
th aluminum alloy specified above. No proj ctions 
protrude from the edges of the el ctrod located 



near the substrate even if the electrode" is* exposed 
in an atmosphere of a relative high temperature. 
Hence, th gat electrode and the sourc lectrode 
are not short-circuited to each other, nor are the 

5 gate electrode and the drain electrode short-cir- 
cuited to each other. 

The present invention can also applied to a 
thin -film transistor panel comprising a insulating 
substrate and thin -film transistors arranged in 

w rows and columns on the insulating substrate. In 
this case, of the scan lines each connecting the 
gate electrodes of the transistors of the same row t 
and the data lines each connecting the drain elec - 
trodes of the transistors of the same column, at 

is least those located near the insulating substrate are 
made of the aluminum alloy specified above. Since 
the aluminum alloy contains a high -melting metal 
and oxygen and/or nitrogen, no projections pro- 
trude from the edges of each scan line and/or each 

20 data line. Hence, no short-circuiting occur be- 
tween any scan line and'any data line. The gate 
electrodes of the thin -film transistors of each row 
may be formed integral with the associated scan 
line, and the drain electrodes of the thin -film 

25 transistors of each column may be formed integral 
with the associated data line. 

This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 

30 which: 

Fig. 1 is a cross - sectional view of a thin -film 
device according to one embodiment of the 
invention, taken along line I - 1 in Fig. 3; 
Fig. 2 is a cross - sectional view of the thin -film 
35 transistor according to the invention, taken along 
line II -II in Fig. 3; 

Fig. 3 is a plan view of part of a thin -film 
transistor panel comprising a plurality of thin- 
film transistors identical to the one shown in 
40 Figs. 1 and 2; 

Fig. 4 is a cross - sectional view of a thin -film 
transistor of another type according to the in - 
vention; 

Fig. 5 is a schematic view of an apparatus for 
45 forming a conductive layer according to the 
present invention; 

Fig. 6 is a plan view of a conductive layer which 
has been heat-treated by the conventional 
method; and 

so Fig. 7 is a cross - sectional view of the conduc - 
tive layer, taken along line VII- VII in Fig. 6. 
An embodiment of the invention will be de- 
scribed, with reference to Figs. 1 to 5. This em- 
bodiment is a thin -film device for use in a TFT 
55 active matrix liquid - crystal display. 

The TFT active matrix liquid -crystal display 
has a thin -film transistor (TFT) panel which is a 
multi - layer wiring board. As is shown in Fig. 3, the 
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TFT panel comprises a transparent insulating 
substrate 10 made of glass or the like, a plurality of 
scan lines 11 formed on the substrate 10 and 
extending parallel to one another, a plurality of data 
lines 17 extending at right angles to the scan lines 
1 1 , a plurality of, for example, thin - film transistors 
(TFTs) 12 (i.e., active elements), and a plurality of 
pixel electrodes 18 connected to the thin -film 
transistors 12. The transistors 12 are of reverse 
stagger type, formed on the substrate 10 and lo- 
cated at the intersections of the scan lines 1 1 and 
the data lines 17, respectively. 

As is shown in Fig. 2, each of the reverse 
stagger type thin -film transistors 12 comprises a 
gate electrode 11a, a gate insulating film 13 made 
of SiN and formed on the gate electrode 11a, an 
i-type semiconductor layer 14 made of a -Si 
(amorphous silicon), formed on the film 13 and 
located above the a gate electrode 11a, an n-type 
semiconductor layer 15 made of a -Si doped with 
n - type impurity and formed on the i - type semi - 
conductor layer 14, and a source electrode 16 and 
a drain electrode 17a, both formed on the n-type 
semiconductor layer 15 and located above the 
opposing end portions of the i-type semiconduc- 
tor layer 14. 

The gate electrode 11a of the thin -film tran- 
sistor 12 is formed on the substrate 10 and integral 
with one of the scan lines 1 1 which are formed on 
the substrate 10, too. The gate insulating film 13 
covers almost the entire surface of the substrate 10 
and, therefore, covers the scan lines 11. The end 
portions of each scan line 1 1 are exposed through 
openings made in the gate insulating film 13. The 
drain electrode 17a of the thin -film transistor 12 is 
integral with one of the data lines 17 which are 
formed on the gate insulating film 13. 

As can b^best seen from Fig. 2, the scan lines 
1 1 are the lower layers of the TFT panel (i.e., a 
multi- layer wiring board), and the data lines 17 
are the upper layers of the TFT panel. The scan 
lines 11 are electrically insulated from the data 
lines 1^ by the gate insulating film 13. 

The pixel electrode 18 is made of transparent 
conductive material such as ITO. As is shown in 
Fig. 2, the electrode 18 is formed on the gate 
insulating film 13. It has its one end located on the 
source electrode 16 of the thin -film transistor 12 
and is, thus, connected to the source electrode 16. 

The TFT panel is manufactured in the following 
method. 

First, a lower metal layer is formed on the 
substrate to by means of a sputtering apparatus. 
The metal layer is patterned, forming the scan lines 
11 and gate electrod s 11a. Next, the gate in- 
sulating film 13 is formed on the substrate 10, the 
scan lines 11, and the gate electrodes 11a, by 
means of a plasma CVD apparatus. The i - type 
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semiconductor layer 14 is formed on "the gate 
insulating film 13, also by the plasma CVD ap- 
paratus. Then, the n-type semiconductor layer 15 
is formed on the i-type semiconductor layer 14 by 

5 the plasma CVD apparatus. The n-type semicon - 
ductor layer 15 and the i-type semiconductor 
layer 14 are patterned, forming two -layer units 
having the size of the thin -film transistor 12. It 
should be noted that the temperature at which to 

io form the gate insulating film 13 (i.e., an SiN film) is 
about 350 "C in most cases, but the film 13 can 
have a sufficiently high withstand voltage if formed 
slowly at a relatively low temperature of about 
250 * C, at a low RF discharging power density. 

is Thereafter, the upper metal layer is formed by 

means of the sputtering apparatus. The upper 
metal layer is patterned, forming the source elec - 
trodes 16, the data liens 17, and drain electrodes 
17a. Those portions of the n-type semiconductor 

20 layer 15, each exposed through the gap between 
the source electrode 16 and the drain electrode 
17a, are etched away, thereby exposing the i - type 
semiconductor layer 14. As a result, the thin -film 
transistors 12 are fabricated. 

25 Next, a transparent conductive layer, such as 

an ITO layer, is formed on the entire surface of the 
unfinished product, by means of the sputtering 
apparatus. This conductive layer is patterned, for- 
ming the pixel electrodes 18. Thus manufactured is 

30 the TFT panel. 

The scan lines 11 of the TFT panel and the 
gate electrodes 11a formed integral with the scan 
lines 11 will now be described in greater detail. 
The scan lines 11 and the gate electrodes 11a 

35 should better be made of aluminum which is an 
inexpensive metal having a low electrical resistivity. 
If the scan lines 11 and the gate electrodes 11a are 
made of pure aluminum, however, they will have 
hillocks on their surfaces when the gate insulating 

40 film 13, the i-type semiconductor layer 14, and/or 
the n-type semiconductor layer 15 is formed. If 
they are made of an aluminum alloy containing a 
high -melting metal such as Ti, they will have no 
hillocks but will have projections 6, as is shown in 

45 Figs. 6 and 7, when the gate insulating film 13, the 
i - type semiconductor layer 1 4, and/or the n - type 
semiconductor layer 15 is formed. 

In this invention, the scan lines 1 1 and the gate 
electrodes 11a are made of aluminum containing a 

so high -melting metal and oxygen and/or nitrogen, 
which will hereinafter be referred to as — Ti, 
oxygen/nitrogen -containing At." 

The content of Ti in the Ti, oxygen/nitrogen - 
containing At is of such a value that the scan lines 

55 11 and the gate electrodes 11a will hav no hill- 
ocks when the gate insulating film 13, the semi- 
conductor layer 14, and/or the semiconductor layer 
15 is formed. 

4 
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As indicated above, the gate insulating film 13 
can be formed at a film -forming temperature of 
about 350 *C or at a relatively low film -forming 
temperature of about 250 *C. The i-type semi- 
conductor layer 14 and the n-type semiconductor 
layer 15 are formed at about 250 # C, and the upper 
metal layer and the pixel electrodes 18 are formed 
at about 100* C. 

The highest of these temperatures is about 
350 *C at which the gate insulating film 13 is 
formed. Another point to consider is that the film 13 
can be formed at about 250 *C. Thus, if the film 13 
is formed at about 350 'C, it suffices to set the Ti 
content of the Ti, oxygen/nitrogen - containing Al 
at such a value that the scan lines 1 1 and the gate 
lectrodes 11a will have no hillocks when heated to 
about 350 *C. Alternatively, if the film 13 is formed 
at about 250 *C, it suffices to set the Ti content of 
the Ti, oxygen/nitrogen - containing Al at such a 
value that the scan lines 11 and the gate elec- 
trodes 11a will have no hillocks when heated to 
about 250 m C. 

More specifically, it suffices to set the Ti con - 
tent at 4.2 wt% or more if the gate insulating film 
13 is formed at about 350 'C. and at 2.2 wt% or 
mor if the gate insulating film 13 is formed at 
about 250 *C. If the scan lines 11 and the gate 
electrodes 11a are made of aluminum having such 
a Ti content, they will have no hillocks on their 
surfaces during the manufacture of the TFT panel. 

It is difficult to control the Ti content ac- 
curately. In view of this, it would be desirable that 
the Ti content be a little greater than the value 
specified above (i.e., 4.2 wt% or 2.2 wt%). If the Ti 
content is too great, however, the lines 1 1 and the 
lectrodes 11a willhave excessively high resis- 
tances. 

Hence, in the present invention, the Ti content 
of the Ti, oxygen/nitrogen -containing At is set at 
about 7 wt% if the gate insulating film 1 3 is formed 
at about 350 # C, and at about 5 wt% if the film 13 
is formed at about 250 °C. 

The oxygen and/or nitrogen content of the Ti, 
oxygen/nitrogen -containing At is set at about 4 
at% or more, no matter whether the gate insulating 
film 13 is formed at about 350 *C or about 250 *C. 
If the oxygen and/or nitrogen content is less than 
about 4 at%, the scan lines 11 and the gate elec- 
trodes 11a will have such projections as are shown 
in Figs. 6 and 7, when the gate insulating film 13. 
the semiconductor lay r 14, or the semiconductor 
layer 15 is formed. If the oxygen and/or nitrogen 
content is too high, for example, exceeding about 
10 at%, the Ti, oxygen and/or nitrog n- containing 
At will likely .become similar to an oxide or a 
nitride and will have an excessively high resistivity. 

The layer of the Ti. oxygen/nitrogen -contain - 
ing At (i.e., th lower conductive layer) can b 



formed by a sputtering apparatus, using* a target 
made of aluminum containing a proper amount of 
titanium and an appropriate amount of oxygen 
and/or nitrogen. The temperature at which to form 

5 the layer of the Ti, oxygen/nitrogen -containing At 
is approximately 100* C. 

The scan lines 1 1 and the gate electrodes 1 1 a 
integral with the lines 11 of the TFT panel, which 
have been formed by patterning the lower con- 

70 ductive layer, are made of the Ti, 
oxygen/nitrogen - containing At having a Ti content 
of about 7 wt% or about 5 wt% and an oxygen * 
and/or nitrogen content of about 4 at% or more. 
Hence, the scan tines 11 and the gate electrodes 

15 11a will have no hillocks or projections when they 
are heated while the gate insulating film 13, the i- 
type semiconductor layer 14, or the n-type 
semiconductor layer 15 is being formed, as was 
probed by the results of the following experiment 

20 the inventors conducted. 

In the experiment, a 4 plurality of electrodes 
made of various Ti, oxygen/nitrogen -containing 
Al having the same Ti content of about 5 wt% and 
different oxygen and/or nitrogen contents of 2.4 

25 at%, 4.0 at% and 4.6 at% was formed on a glass 
substrate. The substrate was heated to 250 *C. and 
the surface conditions of the electrodes were ex - 
amined. The electrodes made of the Ti, 
oxygen/nitrogen -containing Al having an oxygen 

30 and/or nitrogen content of 2.4 at% had no hillocks 
but had projections extending from the sides or 
edges. In contrast, the electrodes made of the Ti, 
oxygen/nitrogen -containing At having an oxygen 
and/or nitrogen contents of 4.0 at% and 4.6 at% 

35 * had neither hillocks nor projections; they had 
smooth surfaces. 

Since neither hillocks nor projections are 
formed on the scan lines 11 or the gate electrodes 
11a during the forming of the gate insulating film 

40 13 or the like, the gate insulating film 13 has no 
defects. Hence, the scan lines 11 (i.e., the lower 
conductive layers) are not short-circuited to the 
data fines 17 (i.e., the upper conductive layers), 
and gate electrodes 11a are not short-circuited to 

45 the source electrodes 16 or the drain electrodes 
17a. 

The data lines 17; the drain electrodes 17a, 
and the source electrodes 16, all incorporated in 
the TFT panel, can be made of metal such as 

so aluminum containing only Ti or Ta. Nonetheless, 
they should better be made of the Ti, 
oxygen/nitrogen -containing At specified above. If 
they are made of this specific material, they will 
have neither hillocks nor projections when a pro - 

55 tective insulating film (not shown) of SiN or the like 
is formed, and no defects such as cracks will be 
formed in the protective insulating film. Furth r, if 
the drain electrodes 17a and the source electrodes 
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16 are made of th Ti, oxygen/nitrogen -containing 
Al ( they will have their surfaces not roughened at 
all, and thus remain in firm bonding with the n- 
type semiconductor lay r 15. As a result, the oh- 
mic contact between the electrodes 16 and 17a, on 
the one hand, and the n-type semiconductor layer 
15, on the other, is secured. 

In the embodiment described above, Ti is used 
as high -melting metal to be contained in alu- 
minum. Ti can be replaced by Ta or the like. 
Further, the aluminum may contain hydrogen as 
well. The gate insulating film 13 made of SiN can 
be replaced by a two -layer film consisting of a 
SiN film and an oxide film (e.g., a silicon oxide film, 
a tantalum oxide film, an aluminum oxide film, or 
the like). 

Moreover, the reverse stagger thin -film tran- 
sistors 12, used as active elements, can be re- 
placed by reverse coplanar thin -film transistors, 
stagger thin -film transistors or coplanar thin -film 
transistors, or by thin -film diodes. If the active 
elements 12 are stagger thin -film transistors or 
coplanar thin - film transistors, the data lines 17 will 
be upper conductive layers, and the scan lines 11 
will be lower conductive layers. 

The TFT panel described above is designed 
for use in TFT active matrix liquid - crystal dis- 
plays. Needless to say, the present invention can 
apply to any multi- layer wiring board that is 
similar to the TFT panel and that comprises think - 
film devices. 

A second embodiment of the invention, i.e.. a 
thin -film transistor different in structure from the 
transistors 12, will now be described with reference 
to Fig. 4. 

As is evident from Fig. 4, this thin -film tran- 
sistor comprises a gate electrode 21 formed on a 
substrate 10, a gate insulating film 22 made of SiN 
and formed on the substrate 20 and the gate 
electrode 21, an i-type semiconductor layer 23 
made of a -Si, formed on the gate insulating film 
22 and located above the gate electrode 21 , an n - 
type semiconductor layer 24 made of a - Si doped 
with n-type impurity and formed on the i-type 
semiconductor layer 23, and a source electrode 25 
and a drain electrode 26. both formed on the n- 
type semiconductor layer 24 and located above the 
opposing end portions of the i - type semiconduc- 
tor layer 23. 

The gate electrode 21 is integral with a scan 
line (not shown). The scan line is formed on the 
substrate 20, covered with the gate insulating film 
22. 

The gate insulating film 22 covers the entire 
surface of the substrate 20, but the scan line in - 
tegral with the gate electrode 21 . A pixel electrode 
30 made of transparent conductive material such 
as ITO is formed on the gate insulating film 22 



which is also transparent. The pixel eledtrode 30 
has its one end portion overlapping the source 
electrode 25, and is therefore electrically con- 
nected to the sourc electrode 25. 

5 The thin -film transistor is covered with an 

interlayer insulating film 27 made of SiN. A data 
line 28 is formed on the interlayer insulating film 27 
and in the contact hole 27a made in the film 27. 
Hence, the data line 28 is connected to the drain 

io electrode 26. A protective insulating film 29 made 
of SiN is formed on the thin - film transistor and the 
data line 28. 

The thin - film transistor is manufactured by the 
following method. 

is First, a metal layer is formed on the substrate 

20 by means of a sputtering apparatus. The metal 
layer is patterned, forming the gate electrodes 21 
and also the scan lines integral with the electrodes 
21. Next, the gate insulating film 22 is formed on 

20 the substrate 20, the scan lines, and the gate 
electrodes 21, by means of a plasma CVD ap- 
paratus. The i-type semiconductor layer 23 is 
formed on the gate insulating film 22, also by the 
plasma CVD apparatus. Then, the n-type semi- 

25 conductor layer 24 is formed on the i - type semi - 
conductor layer 23 by the plasma CVD apparatus. 
The n-type semiconductor layer 24 and the i- 
type semiconductor layer 23 are patterned, forming 
two - layerunits having the size of the thin -film 

30 transistor. It should be noted that the temperature 
at which to form the gate insulating film 22 (i.e., an 
SiN film) is about 350 *C in most cases, but the 
film 22 can have a sufficiently high withstand volt - 
age if formed slowly at a relatively low temperature 

35 of about 250 *C, at a low RF discharging power 
density. 

Thereafter, another metal layer is formed by 
means of the sputtering apparatus. This metal layer 
is patterned, forming the source electrodes 25, the 

40 drain electrodes 26, and the data lines integral with 
the electrodes 26. That portion of the n-type 
semiconductor layer 24 which is exposed through 
the gap between the source electrode 25 and the 
drain electrode 26, is etched away, thereby ex- 

45 posing the i-type semiconductor layer 24. As a 
result, the thin -film transistor is fabricated. Both 
the source electrode 25 and the drain electrode 26 
are made of metal, such as Cr., which can readily 
form an ohmic contact with the n-type semicon- 

50 ductor layer 24. 

Next, a transparent conductive layer, such as 
an ITO layer, is formed on the entire surface of the 
thin -film transistor by means of the sputtering 
apparatus. This conductive layer is patterned, for- 

55 ming the pixel electrodes 30. An SiN film is formed 
by the plasma CVD apparatus, and is subsequently 
pattern, forming the interlayer insulting film 27. 
Further, a metal layer is formed on the interlayer 
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insulating film 27, by the sputtering apparatus, and 
is patterned, forming the data lines 28. Next, an 
SIN film is formed by the plasma CVD apparatus, 
and is subsequently pattern, forming the protective 
insulating film 29. 

As in the first embodiment, the gate electrode 
21 is made of aluminum containing a high -melting 
metal and oxygen and/or nitrogen. More specifi- 
cally, the gate electrode 21 is made of aluminum 
containing titanium (Ti) and oxygen and/or nitrogen, 
or Ti, oxygen/nitrogen -containing At. 

The content of Ti in the Ti, oxygen/nitrogen - 
containing At is of such a value that the gate 
lectrode 21 and the scan line integral therewith 
will have no hillocks when the insulating films 22, 
27 or 29, or the semiconductor layer 24 is formed. 

As indicated above, the gate insulating film 22 
can be formed at a film -forming temperature of 
about 350 *C or at a relatively low film -forming 
t mperature of about 250* C. The same holds true 
of the interlayer insulating film 27. The i-type 
semiconductor layer 23 and the n - type semicon - 
ductor layer 24 are formed at about 250 *C, and 
the metal layers for forming the source and drain 
electrodes, the data line, and the pixel electrode 
are formed at about 1 00 * C. 

The highest of these temperatures is about 
350 *C at which the insulating films 22, 27, and 29 
are formed. These films 22, 27. and 29 can formed 
formed at a lower temperature of about 250 *C. 
Thus, if the films 22, 27, and 19 are formed at 
about 350* C. it suffices to set the Ti content of the 
Ti, oxygen/nitrogen -containing Al at such a value 
that the gate electrode 21 and the scan line will 
have no hillocks when heated to about 350 *C. 
Alternatively, if the insulating films 22, 27, and 29 
are formed at about 250 * C, it suffices to set the Ti 
content of J£ie'Ti, oxygen/nitrogen -containing Al 
at such a value that the gate electrode 21 and the 
scan line will have no hillocks when heated to 
about 250 # C. 

The layer of Ti, oxygen/nitrogen -containing 
Al (i.e., the layer of which to form the gate elec - 
trode) can be formed by a sputtering apparatus, 
using a target made of aluminum containing a 
proper amount of titanium and an appropriate 
amount of oxygen and/or nitrogen. Alternatively, 
the layer can be formed by means of sputtering in 
sputtering gas which contains oxygen and/or ni- 
trogen. The temperature at which to form the layer 
of the Ti, oxygen/nitrogen -containing Al is ap- 
proximately 100 * C. 

The gate electrode 21, i.e., the lower conduc- 
tive layer, of the thin -film transistor is mad of the 
Ti, oxygen/nitrogen -containing At having a Ti 
content of about 7 wt% or about 5 wt% and an 
oxygen and/or nitrogen content of about 4 at% or 
more. Henc , the gate electrode 21 and the scan 



line integral with the electrode 21 wfll 'have no 
hillocks or projections, like the gate electrodes and 
the scan lin s of the first embodiment, when th y 
are heated while the gate insulating film 22, the i - 

5 type semiconductor layer 23, or the n-type 
semiconductor layer 24 is being formed. 

In the thin -film transistor of Fig. 4, the source 
electrode 25 and the drain electrode 26, both 
formed of the upper layer, are made of metal such 

w as chromium. Instead, these electrodes can be 
made of the Ti t oxygen/nitrogen -containing Al 
specified above. If they are made of this specific I 
material, they will not have their surfaces 
roughened at all when the interlayer insulating film 

15 27 or the protective insulating film 29 is formed. 
Hence, the source electrode 25 and the drain 
electrode 26 remain in firm bonding with the n- 
type semiconductor layer 24. As a result, the oh - 
mic contact between the electrodes 25 and 26, on 

20 the one hand, and the n - type semiconductor layer 
24. on the other, is secured. 

The data line 28 may be made of any metal 
desirable. Nonetheless, they should better be made 
of the Ti. oxygen/nitrogen -containing Al specified 

25 above. If the data line 28 is made of this specific 
material, they will have neither hillocks nor projec - 
tions when the protective insulating film 29 is 
formed on the data line 28, and no defects such as 
cracks will be formed in the protective insulating 

30 film 29. Even if the film 28 has defects, however, 
no great problems will arise. In view of this, the 
protective insulating film 29 can be made of alu - 
minum or aluminum containing only Ti. 

In the second embodiment (Fig. 4), Ti is used 

35 as high -melting metal to be contained in alu- 
minum. Ti can be replaced by Ta or the like. 
Further, the aluminum may contain hydrogen as 
well. The gate insulating film 22 made of SiN can 
be replaced by a two -layer film consisting of a 

40 SiN film and an oxide film (e.g., a silicon oxide film, 
a tantalum oxide film, an aluminum oxide film, or 
the like). 

The thin -film transistor shown in Fig. 4 is of 
reverse stagger type. Nonetheless, the present in - 

45 vention can be applied not only to a reverse stag - 
ger thin -film transistor, but also to a reverse 
coplanar thin -film transistor, a stagger thin -film 
transistor, a coplanar thin -film transistors, and a 
thin -film diode. 

so Electrodes made of aluminum containing 

high -melting metal such as Ti or Ta and oxygen 
and/or nitrogen can be formed by the following 
method. 

Fig. 5 shows a sputt ring apparatus designed 
55 to form various metal lay rs. This apparatus com - 
prises a sputtering chamber 31 having an inlet port 
and an outlet port through which to plac a sub- 
strate within the chamber 31 and remove the same 
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therefrom. It further comprises two airtight doors 
32a and 32b for closing and opening the inlet port 
and the outlet port, respectively, an exhaust pipe 
33 connecting the sputtering chamber 31 and a 
vacuum pump (not shown) located outside the 
chamber 31, and a sputtering gas pipe 34 con- 
n cted to the chamber 31 for supplying a sputter- 
ing gas such as Ar gas into the sputtering chamber 
31. A flow rate controller 35 and a valve 36 are 
arranged on the sputtering gas pipe 34. The sput- 
tering chamber 31 contains a substrate - trans - 
porting mechanism 37, a heater 38, and a target 
39. The mechanism 37 is mounted on the bottom 
of the chamber 31, for transporting a substrate 
from the inlet port to the outlet port. The heater 38 
and the target 39 are located side by side, above 
the mechanism 37. The target 39 is connected to a 
sputtering power supply 40 which is positioned 
outside the chamber 31. 

In this sputtering apparatus, a layer of alu- 
minum alloy is formed on a substrate 41 in the 
following way, by using the target 39 which is 
made of the aluminum alloy containing high- 
melting metal such as Ti or Ta. 

First, the airtight door 32a is opened, and the 
substrate 41 is inserted into the sputtering chamber 
31 through the inlet port and placed on the 
substrate -transporting mechanism 27, with that 
surface turned upward on which to form an alu- 
minum alloy layer. 

Then, the airtight door 32a is closed, sealing 
the chamber 31 in airtight fashion. The vacuum 
pump (not shown) is driven, exhausting air from the 
chamber 31 until the pressure in the chamber 31 is 
reduced to 5 x 10~ 5 to 5 x 10" 4 Torr. The 
reduced pressure is ten or more times to hundred 
or more times higher than the intra -chamber 
pressure (5 x 10~ 6 Torr or less) under which to 
form a layer by the conventional method. The 
chamber 31 is not completely void of air; a small 
amount of air remains in the sputtering chamber 
31. 

Thereafter, the heater 38 is turned on, heating 
the substrate 41, and the sputtering gas is intro- 
duced into the chamber 31. The substrate 41 is 
heated to a predetermined film -forming tempera- 
ture, and the pressure of the sputtering gas is 
stabilized at a predetermined value (3 x 10~ 3 to 8 
x 10~ 3 Torr). The mechanism 37 is driven, starting 
to move the substrate 41. Simultaneously, a dis- 
charge current is supplied from the sputtering 
power supply 40 to the target 39, whereby the 
sputtering is initiated. As is known in the art, the 
sputtering proceeds as will be described below. 

When the discharge current is supplied to the 
target 39 from the power supply 40, plasma is 
generated. Particles of the aluminum alloy are 
thereby sputtered from the target 29 onto the 
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substrate 41, whereby a layer of the aluminum 
alloy is deposited on the surface of the substrate 
41. 

In this method, the pressure in the chamber 31 
5 is reduced to 5 x 10" 5 to no less than 5 x 10 -4 
Torr after the substrate 41 has been placed within 
the chamber 31 , and a small amount of air there - 
fore remains in the sputtering chamber 31. The 
nitrogen, oxygen and hydrogen, contained in the 
io air, are deposited on the substrate 41, along with 
the particles of the aluminum alloy. As a result, the 
aluminum alloy layer formed on the substrate 41 
contains a small amount of nitrogen, oxygen and 
hydrogen. 

75 Containing nitrogen, oxygen and hydrogen, the 

aluminum alloy layer formed by the method of the 
invention will have neither hillocks nor projections 
extending from its sides or edges as is shown in 
Figs. 6 and 7, even if it is heated to hundreds of 

20 degrees centigrade; 

As has been described, fn the thin -film device 
according to the invention which has a multi - layer 
structure specified above, the lower conductive 
layer is made of aluminum alloy, formed by the 

25 method descried above, and has neither hillocks 
nor projections which might otherwise be formed 
due to abnormal crystal growth. 

Claims 

30 

1. A thin -film device comprising an insulating 
substrate (10; 20), a first conductive layer (11; 
21) located above the insulating substrate, an 
insulating film (13; 22) covering the first con- 

35 ductive layer; and a second conductive layer 

(16, 17a; 25, 26) formed on the insulating film 
and electrically insulated from the first con- 
ductive layer, 

characterized in that said first conductive 

40 layer (11; 21) located close to said insulating 

substrate is made of aluminum alloy containing 
high -melting metal and 4 at% or more of 
oxygen or nitrogen, or both. 

45 2. The thin -film device according to claim 1, 
characterized in that said high -melting metal 
consists of at least one selected from the 
group consisting of titanium and tantalum. 

so 3. The thin - film device according to claim 1 or 
2, characterized in that it formes a thin -film 
transistor comprising: 

a gate electrode (11; 21) formed of said 
first conductive layer; 
55 a gate insulating film (13; 22) formed of 

said insulating film and covering said gate 
electrode and said insulating substrate; 

an i-type semiconductor layer (14; 23) 

8 



15 EP 0 542 271 A2 16 



formed on said gate insulating film; and 

a source electrod (16; 25) and a drain 
electrode (17a, 26), both formed of said sec- 
ond conductive layer and electrically con- 
nected to two ends of said i-type semicon- 5 
ductor layer, respectively. 

4. A thin - film device comprising: 

an insulating substrate (20); 

a plurality of transparent pixel electrodes jo 
(30) arranged in rows and columns on said 
insulating substrate; 

a plurality of thin -film transistors located 
at said pixel electrodes, respectively, each 
having a gate electrode (21), an gate insulating J5 
film (22) formed on the gate electrode, an i - 
type semiconductor layer (23) formed on the 
gate insulating film, and a source electrode 
(25) and a drain electrode (26) electrically 
connected to two ends of the i-type semi- 20 
conductor layer, respectively, and each having 
one of the source and drain electrodes con - 
nected to the associated pixel electrode; 

a plurality of scan lines expending parallel 
to one anther, each connecting the gate elec - 25 
trodes of the thin -film transistors of the same 
row; and 

a plurality of data lines (28) expending 
parallel to one another, each connecting the 
source electrodes or drain electrodes of the 00 
thin -film transistors of the same column, 
which are other than those connected to the 
pixel electrodes; 

characterized in that the scan lines are 
made of aluminum alloy containing high - 35 
melting metal and 4 at% or more of oxygen or 
nitrogen or both. 

5. The thin -film device according to claim 4, 

characterized in that the gate electrode of each 40 
of said transistors is made of aluminum alloy 
contains at least one selected from the group 
consisting of titanium and tantalum, and about 
4 at% or more of nitrogen or oxygen. 

45 
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